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STENCHES FOR DETECTING LEAKAGE OF BLUE WATER GAS 
AND NATURAL GAS. 


By S. H. Karz ann V. C. ALLIson. 


INTRODUCTION. 


This paper is published by the Bureau of Mines in response to 
requests for more information on the use of stenches as warnings 
in mines or other places, and especially on the costs of stenches and 
the names of dealers. Thus the information given is supplementary 
to that contained in Technical Paper 244.2 

Loss of life and property often result from leakage in the dis- 
tribution of natural gas and blue water gas used for fuel and illu- 
mination. The detection of leaks by adding stenches to the gas would 
reduce losses materially and would therefore promote economy to the 
producer and safety to the consumer. 

Blue water gas is particularly dangerous, as it is almost odorless 
and is very poisonous because of its large content, nearly 35 per cent, 
of carbon monoxide. The addition of a stench to the gas, which 
certain German cities require by law,? gives warning of the presence 
of the gas and makes possible the saving of life. 

Natural gas also has little odor. Leaks in the pipes, particularly 
out of doors, are seldom detected until the loss of gas is noticed, and 
then the leaks are difficult to find. Many gas explosions, some of 
which wreck buildings, might be prevented by a warning stench. 
Moreover, although the principal need for stenches is in natural and 
blue water gas, they might also be used profitably to strengthen the 
odor of other gases. 

ACKNOWLEDGMENTS. 


Acknowledgment of valuable assistance is due to A. C. Fieldner, 
supervising chemist of the Pittsburgh experiment station, Bureau of 
Mines, and of helpful criticisms and suggestions to R. G. Griswold. 
chief technologist, Henry L. Doherty & Co., 60 Wall Street, New 


1 Katz, S. H., Allison, V. C., and Egy, W. L. Use of stenches as a warning in mines: 
Tech. Paper 244, Bureau of Mines, 1919, 31 pp. 1 pl., 4 figs. 
Allison, V. C., and Katz, 8S. H., An investigation of stenches and odors for industrial 
purposes: Jour. Ind. and Eng. Chem., vol. 11, 1919, pp. 336-338. 
? Palmer, C. S., Producer gas, its manufacture and use: Proc. Eng. Soc. Western 
Pennsylvania, vol. 34, 1918-1919, pp. 331-363; statement on p. 357. 
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York City; W. H. Fulweiler, chief chemist United Gas Improvement 
Co., Philadelphia, Pa.; and to W. W. Odell, gas engineer, Urbana 
experiment station, Bureau of Mines. 


PROPERTIES OF STENCHES. 


Table 1 gives some of the chemical, physical, and physiological 
properties of the stenches that have been investigated. Another 
requisite of the materials besides the properties listed is that they 
must not cause deterioration of the metal pipes, rubber gaskets, or of 
the leather used in meters. For this reason butyric or valeric acid 
should not be used. 
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Not all of the stenches in Table 1 are suitable for use in gas lines, 
but for the sake of comparison all that were investigated are tabu- 
lated. Of the chemicals listed only the following are desirable for 
use in city gas: Allyl isothiocyanate, amyl isovalerate, amyl thio- 
ether, butyl mercaptan, ethyl mercaptan, ethyl thioether, isobutyl 
mercaptan, methyl isothiocyanate, phenyl isocyanide, propyl mer- 
captan, and pyridine. Each of these substances has a disagreeable 
odor, which is necessary. The properties of individual stenches are 
discussed in detail on page 7. 


INTENSITIES OF STENCHES.' 
APPARATUS FOR MEASURING INTENSITIES OF STENCHES, 


The apparatus (“ odorometer ”) used in measuring the intensity of 
stenches is shown in figure 1. A number of Venturi meters were so 
arranged that a measured volume of air could pass at a uniform rate 
through or over the chemical tested; this air could then be mixed with 
another measured volume of pure air also flowing at a uniform rate. 
The concentration of the chemical in the air was measured by deter- 
mining its loss in weight after a measured volume of air had passed 
through or over it. From this loss in weight and the total volume 
of air with which the chemical was mixed, the concentration in milli- 
grams per liter of air, and in parts of vapor per million parts of air 
was determined. 

From the vessel containing the chemical the mixture of air and 
chemical passed through a rubber tube with a glass funnel at the 
open end. The operator placed this funnel over his nose to prevent 
the issuing mixture from being contaminated by the air in the room. 
It is possible, of course, that the addition of natural gas or blue water 
gas would change somewhat the recorded results. 

The apparatus was placed in a hood, and the room was well venti- 
lated to protect the operator from the effects of smelling the chemical. 

In the scale of intensities five degrees were adopted, as follows: 
1, detectable; 2, faint; 3, easily noticeable; 4, strong; 5, very strong. 
The rating of the concentration of any chemical depended, of course, 
on the sensibility and judgment of the observer. On known concen- 
trations of the stench in air the tests were made with a single inhala- 
tion of the gas mixture as it escaped from the funnel held over the 
nose. Concentrations found by the funnel method are much larger 
than those likely to be found by similar observations made in an 
atmosphere of stench that completely surrounds the observer and in 
which many inhalations may be taken; with a number of inhalations 
the perception of the odor may increase, although the olfactory 
nerves eventually lose sensibility to the odor of some stenches, as 
usually occurs on prolonged exposure to the odors of a slaughter- 


3 Allison, V. C. and Katz, S. II., An investigation of stenches and odors for industrial 
purposes: Jour, Ind. Eng. Chem., vol. 11, No. 4, 1919, pp, 336-338. 
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RESULTS OF MEASUREMENTS, 


The results of the measurements that were made with one inhala- 
tion are given in Table 2 and expressed graphically in figure 2. Wide 
difference in the concentrations of the various stenches that produce 
a definite intensity of odor appear. 

Those substances that have a soporific effect when inhaled require 
the greatest concentrations to give a definite intensity of odors, prob- 
ably because of their anesthetizing action on the olfactory nerves. 
Such substances would be of least value for use as stenches. Amyl 
thioether gave the highest odor intensities with the smallest concen- 
trations of any of the liquid substances tested ; only 0.4 milligram per 
cubic foot was needed to produce strong intensity. 
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PRINCETON UNIVERSITY 


STENCHES FOR DETECTING LEAKAGE OF GAS, 15 
COSTS OF STENCHES IN THE MARKET. 


Table 3 gives the published quotations of prices of chemicals for 
stenches by five different dealers, and also wholesale market quota- 
tions as published by the Oil, Paint and Drug Reporter. The prices 
therein are not intended to be used for determining relative charges 
by the different dealers. In fact, such comparisons can not be drawn, 
because the quotations are of different dates and the materials may 
not be uniform in quality. The prices quoted by the dealers apply 
to smaller quantities for retail. For wholesale quantities price quo- 
tations of the order given by the Oil, Paint and Drug Reporter can 
be obtained. 

Table 3 also gives descriptions or designations of the different 
chemicals and the date of each quotation. Although 'the prices listed 
are useful for purposes of comparison, they have not much value in 
determining the cost of adding stenches to a gas, as some of the 
best stenches are not on the market and must be made for the pur- 
pose. As a crude product is satisfactory, gas companies can manu- 
facture stenches very cheaply. 


USE OF STRONG ODOR IN GAS LINES, 


In stenches concentrations that produce strong odors in gas lines 
are recommended, because if a stench is to fulfill its purpose the 
odor must be detectable after the gas has been diluted with air. 
The greater the concentration of the stench in the gas, the greater 
is the allowable dilution. The dilution which the concentrations for 
strong odors will permit before reaching the detectable degree differs 
according to the stench. 2 

The conclusion should not be drawn that dilution to concentra- 
tions below those reported as detectable in Table 2 will make a 
stench undiscernible. The listed concentrations are for quick detec- 
tion by a single inhalation of a stream issuing from a funnel, and 
they exclude the cumulative effects of repeated inhalations. The 
cumulative effect of some stenches will produce discernible odors 
from dilutions far below those reported. Experience in warfare has 
shown that butyl mercaptan, in the open air, at a concentration of 
1 part in 10,000,000 parts becomes detectable and even stronger 
after a few inhalations, whereas under the conditions of the labora- 
tary experiments a concentration of 6 parts in 1,000,000 parts, which 
is sixty times greater, is reported as detectable. 

Other reasons for the use of a strong odor are the following: 
Some of the stench may be removed from the gas by drip liquor in 
the mains, and the surface of the pipe may absorb some of it. Fluids 
in gas meters would do likewise. Small amounts of stench may be 
removed continuously by drip liquor, but the surface of the pipe will 
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absorb the odor only when the pipe is freshly exposed to the stench; 
after the surface is saturated no more stench will be absorbed. If the 
odor decreases, the“surface, acting as a regulator, will evolve stench, 
and when it increases will again absorb it. Surface absorption may 
cause delay at first in the transmission of stenches, and therefore 
attempts to locate leaks with newly introduced stenches may fail. 
Several hours should be allowed for the saturation of the surface of 
long pipes. As the earth is an excellent absorbent for odors, gas leak- 
ing from buried pipes must impregnate the earth through which it 
passes before the odors will be carried with it to the outside air. A 
delay of several days, according to the size of the leak and the thick- 
ness of the earth layer, may thus be caused before the stench becomes 
noticeable. 

A strong odor lessens the danger incurred by any loss of stench in 
drip liquor and saturates more quickly the pipe surface or the earth 
surrounding leaks. 


QUANTITIES OF STENCHES TO BE USED FOR IMPREGNATING GAS. 


Data for the application of stenches to gas lines and the cost of 
such application appear in Table 4. The two cheapest stenches for 
imparting a strong odor to 1,000 cubic feet of gas, as shown by the 
table, are amyl acetate, which costs $0.0095, and nitrobenzene, which 
costs $0.0053. Neither of these chemicals has been termed desirable, 
because the odors are rather pleasant, and it is believed that disagree- 
able odors will be most effective for the purpose in view. The odor 
of amyl acetate is considered very disagreeable by some persons, 
whereas others like it. Compared with nitrobenzene, amyl acetate 
offers the best possibilities as a stench. Of the remaining stenches 
only ethyl mercaptan and pyridine, both of which have extremely 
disagreeable odors, are quoted at prices that seem at all worthy of 
consideration for purchases through ordinary commercial channels. 
Ethyl mercaptan for a strong odor will cost $0.040 per thousand cubic 
feet, and pyridine, $0.043. Ethyl mercaptan contains sulphur, but 
pyridine does not. Pyridine also has the largest dilution ratio, 71, 
of the stenches, a factor which makes it especially serviceable. 
Although pure pyridine at $2.50 per gallon may be considered ex- 
pensive, the impure product obtained from the acid washings of light 
oil should be available at a very much lower price and would serve 
the purpose admirably. 
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Amy] thioether and phenyl isocyanide both have very disagreeable 
odors, are powerful in very low concentrations, and have dilution 
ratios of 10 and 17, respectively. Thus they are well suited for use 
in gas lines. They are not. listed commercially, are not difficult 
to produce, and manufacturers of chemicals would undoubtedly sup- 
ply them if a sufficient demand were created. As only very low con- 
centrations are required, they should prove particularly well adapted 
for use as stenches. Amy] thioether contains sulphur; phenyl iso- 
cyanide contains none. To assist chemists at gas works to produce 
pheny] isocyanide or amy] thioether, directions are given here. Hof- 
mann‘ describes the preparation of phenyl isocyanide as follows: 

Aniline, chloroform, and alcoholic potassium hydroxide are mixed 
together and distilled, yielding a malodorous liquid. On distilling 
this product, alcohol and water first separate, after which an oil con- 
taining aniline is evolved. Oxalic acid added to the oil precipitates 
the aniline as oxalate. Water is removed from the remaining oil 
with potassium hydroxide. Distillation of the residue yields the 
pure product, which is green in transmitted and blue in reflected 
light. This liquid boils at 167°, but is subject to change, probably 
polymerization, with rise of temperature to 230° C. According to 
Richter,’ distillation at reduced pressure prevents this change. 

Hofmann does not mention the quantities used or the yields. Al- 
though his directions for preparing the pure phenyl isocyanide are 
specified, the product need not be pure for use as a stench. The 
impure product could be used by mixing the aniline and chloroform 
in molecular proportions according to the reaction, 


C,H,NH,+CHCI,-++3NaOH=C,H,NC+3NaCl+3H,0, 


with a 25 per cent solution of caustic soda one-fourth in excess of 
the molecular proportion, and by boiling the mixture under a reflux 
condenser for one hour. Such a product could be prepared at a gas 
house. Figuring on a yield of only 50 per cent of phenyl isocyanide, 
the cost of the stench would not be more than $0.006 or $0.007 per 
1,000 cubic feet of gas. 

The preparation of amyl thioether is described by Beckmann ‘* 
as follows: 

“Tsoamyl alcohol was treated with phosphorous pentachloride to 
form the amyl chloride, which was purified. This was treated with 
a little more than the required quantity of potassium sulphide in 
alcohol (made by saturating half of a solution of alcoholic potas- 


4Hofmann, A. W., Ueber eine neue Reihe yon Homologen der Cyanwasser-stoffsaure ; 
Ann. Chem., vol. 144, 1867, pp. 114-120. 

& Richter, V. von, Organic chemistry or chemistry of the carbon compounds; 1st English 
ed., translated by P. E. Spielmann; Philadelphia, 1916. 

® Beckmann, E. O., Ueber die Oxydations-produkte der Dialkylsulfide und abhnlicher 
Verbindungen ; Jour. Prakt. Chem., vol. 17, 1878, pp. 440-441. 
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sium hydroxide with hydrogen sulphide and adding the other half). 
After heating the mixture in a closed vessel in a water bath for 10 
hours, it was distilled. The amyl thioether all came over at 213° 
to 214° C. If unpurified amyl thioether were made by chemists at 
the plant, gas could be impregnated with it to a strong odor at a 
cost of about $0.01 per 1,000 cubic feet.” 

Table 4 shows that artificial musk, having the high price of $28 
a pound, gives a detectable concentration at the lowest cost. It is 
solid and comparatively nonvolatile, so that concentrations with 
higher intensities of odors were not obtained by passing air through 
the granular material at room temperature. For that reason, and 
also because the odor is pleasing and common, the use of musk as a 
warning is not feasible. 

On account of their low odor intensities and the resulting high 
cost, chloroform and carbon tetrachloride would hardly be used. 
Moreover, these chemicals would be dangerous, as well as expensive, 
for use as warning odors, because in contact with flame they may 
generate phosgene, which is intensely poisonous. The amount of 
chloroform that may be left in the unpurified mixture of phenyl 
isocyanide is too small to warrant its separation for hygienic reasons. 

Until there is a large decrease in prices most of the other stenches 
can not be considered for the purpose of imparting odor to gas, 
except possibly the mercaptans. Butyl and ethyl mercaptan, which 
were made experimentally on a large scale for gas warfare, are par- 
ticularly disagreeable in odor at very low concentrations. 


METHODS FOR IMPREGNATION. 


The amount of liquid stench needed for a city depends on the 
quantity of gas used. An average city of 100,000 population with 
coal or water gas supply will not usually exceed 3,000,000 cubic feet 
maximum daily consumption. To impart a strong odor to this gas 
would require only 12.7 gallons of amyl acetate, 0.32 gallon of pure 
amyl thioether, 9.5 gallons of ethyl mercaptan, 0.79 gallon of pure 
phenyl isocyanide, or 52 gallons of pyridine. Any device that will 
deliver the liquid stench at a constant and controllable rate to a gas 
stream, where it will be volatilized as introduced, can serve as an 
impregnator. 

Gravity feed with control by means of a needle valve and sight 
glass can be arranged very simply. The disadvantage of gravity 
feed is the constant supervision required to maintain uniform de- 
livery, but such feed will probably be satisfactory enough for the 
needs of gas impregnation. Mechanical devices are the most de- 
pendable as regards uniformity of delivery ; the automatic lubricator, 
model T, made by the Richardson, Phoenix Co., of Milwaukee, Wis., 
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is well adapted for the purpose. A one-tenth horsepower motor 
will drive the appartus at constant speed and so maintain uniform 
delivery of the liquid stench. The rate of delivery can be varied 
by means of a series of motor-driven step pulleys that turn a crank 
connecting with a reciprocating ratchet lever, of variable length, on 
the lubricator. As the length of the lever increases, the volume 
of liquid delivered decreases. Such an arrangement of motor, step 
pulleys, and lever would give complete control of the delivery. 
The cost of the necessary machine is about $200. If the gas is com- 
pressed for delivery, the injector could regulate the rate of delivery 
of stench by the action of the compressor. This method will secure 
absolute uniformity of impregnation. 

Volatilization of liquid may be produced by simply allowing the 
warm gas as generated and cleaned to pass over the liquid while 
the stench is being delivered into a long horizontal pipe with up- 
turns at each end. Two cocks should be placed in the underside 
of the pipe to allow liquid to be drained out or residuum to be 
washed out when necessary. 

A simpler method, which should prove reliable enough, is to meas- 
ure the required quantity of liquid stench for cach interval of time, 
for example, four or eight hours, and pour it into a long, horizontal 
pipe, like that described above, through a funnel and small pipe with 
a valve inserted. The liquid would soon be evaporated, but the 
natural mixing of the gas in the gasometer would produce an even 
mixture of gas and stench before delivery to the mains. 

A stench that is allowed to enter the gasometer must necessarily 
be not more than slightly soluble in water; otherwise the water 
seals would tend to remove a considerable quantity of stench from 
the gas, and, aside from the loss of the stench, the danger would 
arise of creating a nuisance in the vicinity, as highly polluted water 
releases the stench when exposed to the air. With the possible ex- 
ception of pyridine, the stenches listed as desirable are sufficiently 
insoluble in water that no nuisance would arise. The odor of pyri- 
dine could escape from the gasometer because of the solubility of 
pyridine in water; nevertheless, it is believed that with concentra- 
tions of low percentage in the gas, the travel of the stench to the 
air outside would be too slow to become offensive. 


SULPHUR IN STENCHES, 


Many classes of organic sulphur compounds have a disagreeable 
and powerful odor. Some of the best stenches belong to this group. 
Because the gas manufacturer endeavors to reduce the sulphur con- 
tent of gas, the addition of sulphur in the form of stench is not 
altogether desirable. The quantity of sulphur in the added stench, 
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however, is not large as compartd to the normal amount in city gas. 
Table 5 gives the amounts of sulphur in different sulphur stenches 
needed to impart a strong odor to gas. 


TABLE 5.—Amounts of sulphur in the sulphur-bearing stenches as used to impart 
a strong odor to gas. 


‘ Weight of 
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The table shows that allyl isothiocyanate would add 0.45 grain 
of sulphur per 100 cubic feet of gas in strong odor concentrations, 
which is the minimum figure. The maximum is 8.0 grains of sulphur 
per 100 cubic feet of gas for ethyl mercaptan. Most city ordinances 
on sulphur content allow a maximum of 15 grains of sulphur per 100 
cubie feet of gas. Thus 8.0 grains of sulphur per 100 from ethyl 
mercaptan would be 53 per cent of the allowable quantity, while 
allyl isothiocyanate would introduce only 3 per cent of the sulphur 
allowable. These figures indicate that it is feasible to use any of the 
sulphur stenches. 


SUMMARY AND CONCLUSIONS. 


The impregnation of natural gas or blue water gas with a stench- 
imparting chemical provides a means for reducing loss from leak- 
age and for eliminating accidental poisoning and _ explosions. 
Measurements of the intensities of odors have been used to ascertain 
the quantities of stenches needed to impart a strong odor to gas and 
to calculate the costs. Use of the strong odor is advised. Stenches 
that possess a disagreeable odor serve best as warnings. Of those 
examined, amyl thioether, ethyl mercaptan, phenyl isocyanide, and 
pyridine present the best possibilities with regard to the cost of 
impregnation, as well as to other properties required. 

Gas can be uniformly impregnated with a stench by allowing it, 
when cleaned and still warm, to pass through a horizontal pipe into 
which stench liquid is delivered at a uniform rate. Gravity feed of 
the liquid can be used, but requires more supervision than mechanical 
appliances, such as engine lubricators. The lubricator manufactured 
by the Richardson Phoenix Co., of Milwaukee, Wis., is well adapted 
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for gas impregnation. Gas can be impregnated by placing in the 
pipe at regular intervals a quantity of stench and allowing the natu- 
ral mixing of gas in the gasometer to make a uniform concentration. 

None of the stenches that contain sulphur, if added to gas in 
amounts to produce strong odors, would carry sufficient sulphur to 
inhibit commercial use of the gas. The maximum addition of sul- 
phur is $.0 grains per hundred cubic feet of gas, imparted by ethyl 
mercaptan. 

Savings resulting from the use of stench in gas would probably 
total more than the costs of the stench. 

Suggestions made in this paper should be regarded as tentative, 
pending tests on a large scale. : 
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